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(54) Structure of the front of a vehicle body 

(57) The invention provides a structure of a front 
part of a vehicle body that is simple and free from the 
risk of maloperation. In the event of a collision between 
the vehicle and a pedestrian, a projecting part sweeps 
the pedestrian by parts of his or her legs lower than the 
knees in the event of a collision between the vehicle and 
the pedestrian, causing the pedestrian to be thrown 
over toward the vehicle, and after an energy-absorbing 
member has absorbed impact energy exerted on the 
legs, the pedestrian is caused to drop onto the top of a 
hood and protected from secondary damage. In one 
specific example, a structure of a front part of a vehicle 
body in which a bumper (9) is provided at a lower front 
position of a hood (1) of the vehicle comprises a lateral 
supporting member (7) provided in the front part of the 
vehicle body and extending in the direction of vehicle 
width, an energy-absorbing member (8) provided ahead 
of the lateral supporting member (7), and a projecting 
part (12) provided at a lower part of the bumper 9 in 
such a manner that a forward end of the projecting part 
(12) juts out more frontward than the lateral supporting 
member (7). 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION AND RELATED 
ART STATEMENT 

5 

1 . Field of the Invention 

[0001] This invention relates to a structure of a front 
part of a vehicle body that is designed to provide 
enhanced safety to a pedestrian in the event of a colli- 10 
sion between the vehicle and the pedestrian. 

2. Description of the Related Art 

[0002] An example of a conventionally known struc- 15 
ture of this kind is found in Japanese Unexamined Pat- 
ent Publication No. 11-1149, in which a bumper 
provided at the front of a vehicle body includes a 
bumper face, a foam material which serves as a shock- 
absorbing material, and a bumper reinforcement. To 20 
provide a sufficient shock- absorbing effect in the event 
of a collision between the vehicle and a pedestrian with 
this structure, it has been necessary to construct the 
bumper such that the bumper face would easily deform 
on impact. When the bumper is so constructed, how- 25 
ever, there has been a problem that it could be 
deformed even by a minor contact. 
[0003] To provide a solution to the aforementioned 
problem, Japanese Unexamined Patent Publication No. 
6-72248 proposes an air bag system for a vehicle. 30 
[0004] This system includes an air bag accommo- 
dated in a front bumper and a sensor (ultrasonic sensor) 
for detecting obstacles like a pedestrian ahead of the 
vehicle, whereby the system predicts the risk of collision 
between the vehicle and the pedestrian based on sens- 35 
ing signals output from the ultrasonic sensor and a driv- 
ing condition sensor and causes the air bag in the front 
bumper to inflate in the running direction of the vehicle 
when a collision with the pedestrian has been predicted 
to prevent direct contact between the vehicle and the 40 
pedestrian and thereby achieve the safety of the pedes- 
trian. 

[0005] Although the aforementioned conventional 
system is advantageous in that it can provide increased 
safety of the pedestrian, it involves a complex construe- 45 
tion due to the need for such obstacle sensing means 
as the ultrasonic sensor as well as the air bag. In addi- 
tion, the system is associated with the possibility of such 
malfunction that the air bag could unexpectedly inflate 
even when no collision has actually taken place. so 

SUMMARY OF THE INVENTION 

[0006] In view of the aforementioned problems, it is 
an object of the invention to provide a simple and trou- 55 
ble-free structure of a front part of a vehicle body com- 
prising a bumper which is associated with a lateral 
supporting member extending in the direction of vehicle 



width and an energy-absorbing member located ahead 
of the lateral supporting member, and a projecting part 
which is provided at a lower part of the bumper in such 
a manner that a forward end of the projecting part juts 
out more frontward than the lateral supporting member, 
whereby the projecting part sweeps legs of a pedestrian 
in the event of a collision between the vehicle and the 
pedestrian, causing the pedestrian to be thrown over 
toward the vehicle, and after the energy-absorbing 
member has absorbed impact energy exerted on the 
legs, the pedestrian is caused to drop onto the top of a 
hood and protected from secondary damage. 
[0007] To accomplish the above object, the inven- 
tion provides a structure of a front part of a vehicle body 
in which a bumper is provided at a lower front position of 
a hood at the front of the vehicle, the structure compris- 
ing a lateral supporting member provided in the front 
part of the vehicle body and extending in the direction of 
vehicle width, an energy-absorbing member provided 
ahead of the lateral supporting member, and a project- 
ing part provided at a lower part of the bumper in such a 
manner that a forward end of the projecting part juts out 
(protrudes) more frontward than the lateral supporting 
member. 

[0008] Since the energy-absorbing member is pro- 
vided ahead of the lateral supporting member and the 
projecting part is provided at the lower part of the 
bumper with the forward end of the projecting part jut- 
ting out more frontward than the lateral supporting 
member in the aforementioned structure, the projecting 
part first sweeps the pedestrian by parts of his or her 
legs lower than the knees in the event of a collision 
between the vehicle and the pedestrian, and after the 
energy-absorbing member has absorbed impact energy 
exerted on the legs of the pedestrian who is thrown over 
toward the vehicle, the pedestrian is caused to drop 
onto the top of the hood. Consequently, there is pro- 
duced such an advantageous effect that the pedestrian 
can be protected from secondary damage. 
[0009] These and other objects, features and 
advantages of the present invention will become more 
apparent upon reading the following detailed descrip- 
tion and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 

FIG. 1 is a side view showing the structure of a front 
part of a vehicle body according to a first embodi- 
ment of the invention; 

FIG. 2 is a perspective view generally showing the 
vehicle body structure of FIG. 1; 
FIG. 3 is a perspective view showing a specific con- 
struction of a projecting part of the structure of FIG. 
1; 

FIG. 4 is a graphical representation of the load 
characteristics of the projecting part; 
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FIG. 5 is a graphical representation of the load 
characteristics of an energy absorber; 
FIG. 6 is aside view showing the structure of a front 
part of a vehicle body according to a second 
embodiment of the invention; 5 
FIG. 7 is a perspective view of a rectangular frame 
used in the structure of FIG. 6; 
FIG. 8 is a side view showing the structure of a front 
part of a vehicle body according to a third embodi- 
ment of the invention; io 
FIG. 9 is a perspective view showing a principal 
portion of the structure of FIG. 8; 
FIG. 10 is a side view showing the structure of a 
front part of a vehicle body according to a fourth 
embodiment of the invention; is 
FIG. 11 is a perspective view showing a principal 
portion of the structure of FIG. 10; 
FIG. 12 is a side view showing the structure of a 
front part of a vehicle body according to a fifth 
embodiment of the invention; 20 
FIG. 13 is a side view showing the structure of a 
front part of a vehicle body according to a sixth 
embodiment of the invention; 
FIG. 14 is a sectional view taken along line 14-14 of 
FIG. 13; 25 
FIG. 15 is a sectional view taken along line 15-15 of 
FIG. 14; 

FIG. 16 is a sectional view taken along line 16-16 of 
FIG. 14; 

FIG. 17 is a side view showing the structure of a 30 
front part of a vehicle body according to a seventh 
embodiment of the invention; 
FIG. 1 8 is a sectional view taken along line 18-18 of 
FIG. 17; 

FIG. 19 is a sectional view taken along line 19-19 of 35 
FIG. 18; 

FIG. 20 is a sectional view taken along line 20-20 of 
FIG. 18; 

FIG. 21 is a plan view of a projecting part in one var- 
iation of the sixth embodiment; 40 
FIG. 22 is a plan view of a projecting part in one var- 
iation of the seventh embodiment; 
FIG. 23 is an enlarged fragmentary plan view of the 
projecting part; 

FIG. 24 is an enlarged fragmentary plan view of the 45 
projecting part which has been deformed due to a 
frontal impact load caused by a collision; 
FIG. 25 is a side view showing the structure of a 
front part of a vehicle body according to an eighth 
embodiment of the invention; 50 
FIG. 26 is a sectional view mainly showing an 
energy-absorbing pipe assembly used in the struc- 
ture of FIG. 25; 

FIG. 27 is a sectional view showing operation of the 
energy-absorbing pipe assembly; 55 
FIG. 28 is a sectional view mainly showing another 
example of an energy-absorbing pipe assembly; 
FIG. 29 is a side view showing the structure of a 



front part of a vehicle body according to a ninth 

embodiment of the invention; 

FIG. 30 is a perspective view showing a principal 

portion of the structure of FIG. 29; 

FIG. 31 is a side view showing the structure of a 

front part of a vehicle body according to a tenth 

embodiment of the invention; 

FIG. 32 is a sectional view of an energy absorber 

used in the structure of FIG. 31; 

FIG. 33 is a perspective view of the energy 

absorber of FIG. 31; 

FIG. 34 is a graphical representation of the load 
characteristics of the energy absorber of FIG. 31 ; 
FIG. 35 is a sectional view showing a specific 
example of the construction of a lower leg support- 
ing part used in the structure of FIG. 31; 
FIG. 36 is a sectional view taken along line 36-36 of 
FIG. 35; 

FIG. 37 is a sectional view taken along line 37-37 of 
FIG. 35; 

FIG. 38 is a graphical representation of the load 
characteristics of the lower leg supporting part of 
FIG. 31; 

FIG. 39 is a sectional view of an energy absorber in 
one variation of the tenth embodiment; 
FIG. 40 is a perspective view of the energy 
absorber of FIG. 39; 

FIG. 41 is a graphical representation of the load 
characteristics of the energy absorber of FIG. 39; 
FIG. 42 is a sectional view of an energy absorber in 
another variation of the tenth embodiment; 
FIG. 43 is a perspective view of the energy 
absorber of FIG. 42; 

FIG. 44 is a front view of the energy absorber of 
FIG. 42; 

FIG. 45 is a graphical representation of the load 
characteristics of the energy absorber of FIG. 42; 
FIG. 46 is a sectional view showing another specific 
example of the construction of a lower leg support- 
ing part in still another variation of the tenth embod- 
iment; 

FIG. 47 is a sectional view taken along line 47-47 of 
FIG. 46; 

FIG. 48 is a sectional view taken along line 48-48 of 
FIG. 46; 

FIG. 49 is a sectional view showing another specific 
example of the construction of a lower leg support- 
ing part in yet another variation of the tenth embod- 
iment; 

FIG. 50 is a sectional view taken along line 50-50 of 
FIG. 49; 

FIG. 51 is a sectional view taken along line 51-51 of 
FIG. 49; 

FIG. 52 is a side view showing the structure of a 
front part of a vehicle body according to an eleventh 
embodiment of the invention; 
FIG. 53 is a perspective view showing a principal 
portion of the structure of FIG. 52; 
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FIG. 54 is a graphical representation of the load 

characteristics of impact-receiving members and 

an energy absorber of FIG. 53; 

FIG. 55 is a side view showing the structure of a 

front part of a vehicle body according to a twelfth 5 

embodiment of the invention; 

FIG. 56 is a side view showing the structure of a 

front part of a vehicle body according to a thirteenth 

embodiment of the invention; 

FIG. 57 is a sectional view showing a principal por- io 
tion of the structure of FIG. 56; and 
FIG. 58 is a sectional view showing an alternative 
structure in one variation of the thirteenth embodi- 
ment 

15 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[001 1] The structure of a front part of a vehicle body 
according to a first embodiment of the invention is now 20 
described in detail with reference to the drawings. FIG. 
1 shows the structure of the front part of the vehicle 
body which includes a hood 1 covering the top of an 
engine compartment. 

[0012] The hood 1 is furnished with a hood rein- 25 
forcement 2 as illustrated, and a radiator grille 4 is pro- 
vided between a front lower part of the hood 1 and an 
upper part of a bumper face 3 which is made of resin. 
[0013] The vehicle structure includes left and right 
front side frame members 5 constituting part of a body 30 
frame which extends in a longitudinal direction of the 
vehicle, and a bumper reinforcement 7 is attached to 
forward ends of the front side frame members 5 via 
bumper brackets 6 as shown in FIGS. 1 and 2. 
[0014] The bumper reinforcement 7 is a lateral sup- 35 
porting member extending in a lateral direction of the 
front part of the vehicle body. An energy absorber 8 is 
attached to the front of the bumper reinforcement 7 at 
the same height. 

[0015] The energy absorber B is an element 40 
extending almost ail the way across the width of the 
vehicle body along the bumper face 3 on its inner (or 
rear) surface. The installation height of the energy 
absorber 8 is so determined that it corresponds to the 
height of the knees of a pedestrian. 45 
[0016] The bumper face 3, the bumper brackets 6, 
the bumper reinforcement 7 and the energy absorber 8 
together constitute a front bumper 9 which is situated at 
a lower front position of the hood 1 . 

[001 7] Further, there is provided a front cross mem- so 
ber 1 0 (so-called No. 1 cross member) extending width- 
wise which serves as a structural member of the vehicle 
body at a bottom front portion of the front side frame 
members 5, and a bracket 1 1 such as a radiator shroud 
member, for instance, is connected to the front cross 55 
member 10. 

[001 8] A front surface of the front cross member 1 0 
supports a rear end of a projecting part 12 as illustrated. 



The projecting part 12 protrudes generally horizontally 
frontward from the front cross member 10 at a lower 
part of the front bumper 9. A forward end of the project- 
ing part 12 juts out frontward beyond the bumper rein- 
forcement 7 and is located almost at the same 
longitudinal position as or at a more frontward position 
than the energy absorber 8. 

[0019] In the present embodiment depicted in FIG. 
1, the forward end of the projecting part 12 protrudes 
more frontward than the energy absorber 8. The height 
of the projecting part 1 2 is determined such that it would 
come into contact with the shanks (the part between the 
knee and ankle) of the pedestrian in the event of a colli- 
sion. The height of the projecting part 12 is set to be 
less than 400mm from a ground, more preferably, in a 
range of 90mm to 300mm. 

[0020] Moreover, the longitudinal position of the 
energy absorber 8 is so determined that it would be 
located ahead of a line L connecting a forward end of 
the hood 1 and that of the projecting part 12. 
[0021] Here, the aforementioned projecting part 12 
is arranged such that it spans all along a lower part of 
the bumper face 3 in the direction of the vehicle width. 
The projecting part 12 is made of synthetic resin like 
polypropylene (PP) or polyethylene (PE), for example, 
into a shape shown in FIG. 3. 

[0022] Specifically, the projecting part 12 is formed 
of left, right, front and rear frame elements 13-16 which 
together form a rectangular frame, ribs 17 spanning in 
the direction of the vehicle width between the left and 
right frame elements 13, 14 and arranged at specific 
intervals in the vehicle's longitudinal direction, ribs 18, 
19 spanning in oblique directions inside the rectangular 
frame (frame elements 13-16), a support 20 protruding 
upward from an upper part of the rear frame element 
16, and reinforcement plates 21 which connect the sup- 
port 20 to the front frame element 15. These elements 
of the projecting part 12 are molded into a single resin 
structure (honeycomb structure) which has a generally 
fanlike shape as a whole in plan view. 
[0023] This resin structure is constructed such that 
it would provide desired load characteristics by properly 
selecting the thickness of the frame elements 1 3-1 6 and 
the spacings and directions of the ribs 17-19. Alterna- 
tively, the aforementioned reinforcement plates 21 may 
be eliminated from this structure. 

[0024] The projecting part 12 thus constructed is 
mounted such that it would receive an input load 
exerted from the front of the vehicle in the direction of an 
arrow x shown in FIG. 1 with the support 20 at the rear 
of the projecting part 1 2 attached to the front surface of 
the front cross member 10 as shown in FIGS. 1 and 2. 
[0025] The load characteristics of the projecting 
part 12 and the energy absorber 8 are set as shown in 
FIGS. 4 and 5, respectively. 

[0026] FIG. 4 is a graphical representation of the 
load characteristics "a" of the projecting part 12, in 
which the horizontal axis represents the amount of 



4 



EP1 065 108 A2 



8 



deformation (or collapse) while the vertical axis repre- 
sents the load (dynamic collapsing load). The load char- 
acteristics "a" of the projecting part 12 are determined 
such that the input load (expressed in newtons) first 
increases rapidly from the zero point to a specific load 5 
level c in proportion to the amount of deformation and, 
then, after the projecting part 12 has begun to plastically 
deform when the input load has reached the load level 
c, the amount of deformation increases under approxi- 
mately a constant load. 70 
[0027] Also, FIG. 5 is a graphical representation of 
the load characteristics "b" of the energy absorber 8, in 
which the horizontal axis represents the amount of 
deformation (or collapse) while the vertical axis repre- 
sents the load (dynamic collapsing load). The load char- 15 
acteristics "b M of the energy absorber 8 are determined 
such that the load (expressed in newtons) increases in 
proportion to the amount of deformation. The rigidity of 
the projecting part 1 2 is set to a value larger than that of 
the energy absorber 8, so that the amount of energy 20 
absorbed by the projecting part 12 is larger than the 
amount of energy absorbed by the energy absorber 8 
when they deform by the same amount. 
[0028] This embodiment employs energy absorber 
foam material like styrofoam for the energy absorber 8. 25 
The energy absorber 8 made of the energy absorber 
foam material may have either a solid or hollow internal 
structure, or a structure having a plurality of ribs. Which- 
ever structure is used, the energy absorber 8 is so con- 
structed that it would provide the load characteristics "b" 30 
shown in FIG. 5. The numeral 22 in FIG. 1 designates a 
front wheel. 

[0029] The aforementioned bumper face 3 is 
attached by its multiple portions to parts of the vehicle 
body, including front members of the vehicle like the 35 
radiator grille 4, front fenders and the front cross mem- 
ber 10, for instance. 

[0030] Functional features of the aforementioned 
structure of the front of the vehicle of the present 
embodiment are now described. 40 
[0031] In the event of a collision between the vehi- 
cle and a pedestrian, an impact load is exerted on the 
projecting part 12 via the resin bumper face 3 from the 
front of the vehicle in the direction shown by the arrow x 
of FIG. 1 . This load is usually smaller than the load level as 
c shown in FIG. 4. The frontal impact load is received by 
the projecting part 12 whose rear part is sustained by 
the front cross member 1 0. 

[0032] Thus, in the event of a collision between the 
vehicle and a pedestrian, the pedestrian is swept by so 
parts of his or her legs lower than the knees by the pro- 
jecting part 12 and thrown over toward the vehicle. After 
impact energy has been absorbed by a portion of the 
laterally extending bumper face 3 where the energy 
absorber 8 is located at the moment of contact between 55 
the parts of the legs and the upper part of the bumper 
face 3, the pedestrian drops onto the top of the hood 1 
so that the pedestrian is protected. 



[0033] According to the present embodiment shown 
in FIGS. 1-5, the energy absorber 8 is provided at the 
front of the lateral supporting member formed of the 
bumper reinforcement 7 and the projecting part 12 is 
provided in such a way that its forward end protrudes 
more frontward than the lateral supporting member at 
the lower part of the front bumper 9 as seen above. As 
a consequence, the pedestrian is swept by the parts of 
his or her legs lower than the knees by the projecting 
part 12 upon collision, the impact energy exerted on the 
parts of the legs of the pedestrian thrown over toward 
the vehicle is absorbed by the energy absorber 8 and 
the pedestrian drops onto the top of the hood 1, 
whereby the pedestrian can be protected from second- 
ary damage. 

[0034] It is also possible to provide increased safety 
of the legs of the pedestrian by selecting appropriate 
design of the projecting part 12, that is, by setting proper 
values of the load characteristics "a". Furthermore, the 
foregoing embodiment has such an advantageous 
effect that the structure of the front of the vehicle can be 
simplified and the occurrence of malfunction can be pre- 
vented as compared to the earlier-mentioned conven- 
tional structure in which the air bag accommodated in 
the front bumper is caused to inflate based on sensor 
outputs. 

[0035] As the aforementioned lateral supporting 
member is formed of the bumper reinforcement 7, an 
additional advantage is obtained in that the aforemen- 
tioned advantageous effect is achieved by effectively 
using the laterally extending bumper reinforcement 7 
which already exists. 

[0036] Also, since the forward end of the projecting 
part 1 2 is located at a more frontward position than a 
forward end of the energy absorber 8, there is such an 
advantageous effect that the pedestrian is swept by the 
parts of his or her legs lower than the knees by the pro- 
jecting part 12 in a reliable fashion in the event of a col- 
lision between the vehicle and the pedestrian. 
[0037] Furthermore, when the energy absorber 8 is 
located ahead of the line L connecting the forward end 
of the hood land that of the projecting part 1 2 as stated 
earlier (FIG. 1), it is possible to absorb the impact 
energy exerted on the parts of the legs of the pedestrian 
thrown over toward the vehicle even more effectively. 
Thus, the structure of the front of the vehicle of this 
embodiment has such an advantageous effect that it 
can protect the legs of the pedestrian from the impact. 
[0038] Also, when the rigidity of the projecting part 
12 is set to a value larger than that of the energy 
absorber 8 as stated above, there is such an advanta- 
geous effect that the projecting part 12 can sweep the 
legs of the pedestrian by the lower parts than the knees 
in a reliable fashion. 

[0039] Also, when the projecting part 12 is made of 
synthetic resin as stated above, there are produced 
such advantageous effects that the moldability of the 
projecting part 12 and ease of its assembly to the vehi- 



5 




9 EP 1 065 

cle body as well as its flexibility to match the vehicle 
design are improved. 

[0040] Furthermore, when the energy absorber 8 is 
formed as a resin structure made of energy absorber 
foam material like styrofoam as in the above-described 5 
embodiment, or of a different type of energy-absorbing 
member or damping device, there are produced such 
advantageous effects that it can positively absorb the 
impact energy before the pedestrian comes into contact 
with the hood 1 , reduce the speed of the pedestrian as 10 
he orshe is thrown over, and allow the pedestrian to 
drop onto the top of the hood 1 in a more reliable fash- 
ion. 

[0041] Furthermore, since the projecting part 12 is 
attached to the front cross member 1 0 which is a struc- 15 
tural member of the vehicle body at its front, the project- 
ing part 12 can effectively receive the frontal impact 
load (in the direction of the arrow x shown in FIG. 1) in 
the event of a collision between the vehicle and a 
pedestrian and sweep the pedestrian by his or her legs 20 
in a reliable fashion. It is also possible to give the pro- 
jecting part 12 sufficient strength to bear the impact 
load. 

[0042] If the projecting part 12 is designed to have 
such strength that it would not cause damage to the 25 
legs of the pedestrian in the event of a collision, a result- 
ing advantageous effect is that the safety of the legs is 
achieved more positively with the projecting part 12 
when it sweeps the pedestrian. 

[0043] Moreover, when the projecting part 12 is 30 
formed into a honeycomb resin structure as described 
in the foregoing embodiment, the same leg-sweeping 
and energy-absorbing effects are obtained no matter 
which part of front bumper 9 along its length (along the 
width of the vehicle) hits the pedestrian. Also, when the 35 
projecting part 12 is formed of resin material, it would 
flex when subjected to an upward input load from under- 
neath. This is advantageous with respect to approach 
angle. In the load characteristics "a" of the projecting 
part 12 of this embodiment, the load level c of FIG. 4 is 40 
set to a value which will not cause damage to the legs of 
the pedestrian, such as 7000 N (newtons). 
[0044] FIGS. 6 and 7 show the structure of a front 
part of a vehicle body according to a second embodi- 
ment of the invention. Although the projecting part 12 is 45 
supported by its rear part by the front cross member 1 0 
in the foregoing embodiment, there is provided a rectan- 
gular frame (reinforcing member) 23 which is secured at 
its both sides below the front side frame members 5 
and, with a mounting plate 25 attached to front corners 50 
23a of the rectangular frame 23 by set bolts 24, the rear 
part of the projecting part 12 is supported by the mount- 
ing plate 25 in the embodiment of FIGS. 6 and 7. 
[0045] Since the structure of this embodiment is 
otherwise the same as the earlier-described first 55 
embodiment, elements identical to those included in the 
first embodiment are designated by the same reference 
numerals in FIGS. 6 and 7 and their detailed description 
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is not given here. The projecting part 12 may be made 
of such synthetic resin as polypropylene (PP), polyeth- 
ylene (PE) or nylon resin. 

[0046] The structure of the second embodiment 
shown in FIGS. 6 and 7 provides substantially the same 
functional features and advantages as the first embodi- 
ment. 

[0047] FIGS. 8 and 9 show the structure of a front 
part of a vehicle body according to a third embodiment 
of the invention. Although the projecting part 12 is a 
resin member in the foregoing embodiments, a project- 
ing part 28 of this embodiment is formed of a backing 
bar 26 which is a round metal bar like an iron pipe 
extending along a lower part of the bumper face 3 and a 
pair of supporting arms 27 connecting the backing bar 
26 to the front cross member 10 which is a structural 
member of the vehicle body. 

[0048] Left and right ends of the backing bar 26 are 
curved or bent so that they are located slight rearward 
and the backing bar 26 matches the shape of the rear 
surface of the bumper face 3. Each of the supporting 
arms 27 is made by forming a piece of sheet metal into 
a gatelike cross-sectional shape having atop plate por- 
tion and left and right side plate portions. The thickness 
and cross-sectional area of the sheet metal are set to 
proper values to obtain the load characteristics "a" as 
depicted in FIG. 4. 

[0049] The rear end of each supporting arm 27 is 
bent to form a pair of connecting flanges 27a. Each sup- 
porting arm 27 is fixed to the front surface of the front 
cross member 10 as these connecting flanges 27a are 
connected thereto. The structure of this embodiment is 
otherwise the same as the foregoing embodiments. In 
one alternative form of this embodiment, the supporting 
arms 27 may be structural resin members and the back- 
ing bar 26 may be made of a round resin bar. 
[0050] According to the present embodiment shown 
in FIGS. 8 and 9, the projecting part 28 is formed of the 
backing bar 26 extending along the lower part of the 
bumper face 3 and the supporting arms 27 which are 
support members holding the backing bar 26 at the front 
of the vehicle body. This construction is advantageous 
in that the projecting part 28 having the desired strength 
and modulus of elasticity can be easily produced. 
[0051] Since the structure of this embodiment oth- 
erwise provides substantially the same functional fea- 
tures and advantages as the foregoing embodiments, 
their detailed description is not given here. 
[0052] FIGS. 1 0 and 1 1 show the structure of a front 
part of a vehicle body according to a fourth embodiment 
of the invention. Although the energy absorber 8 is 
made of energy absorber foam material like styrofoam 
in the foregoing embodiments, an energy absorber 29 is 
a structural resin member which is one-piece molded 
with the bumper face 3 in the embodiment of FIGS. 10 
and 11. 

[0053] Specifically, a plurality of horizontal ribs 30 
extending widthwise at specific vertical intervals and a 
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plurality of vertical ribs 31 arranged at specific intervals 
widthwise are formed on the rear surface of the bumper 
face 3. These ribs 30, 31 which are located at the height 
of the knees of the pedestrian together form a structural 
resin member 32 which constitutes the energy absorber 5 
29. 

[0054] This energy absorber 29 is designed such 
that its mounting height is approximately equal to that of 
the bumper reinforcement 7. In addition, the energy 
absorber 29 is so positioned that it is located ahead of 10 
the line L connecting the forward end of the hood 1 and 
that of the projecting part 12. 

[0055] In the structure of this embodiment, the 
thickness, spacings and directions of the ribs 30, 31 are 
properly determined so that the energy absorber 29 15 
provides the load characteristics "b" as depicted in FIG. 
5. The structure of this embodiment is otherwise the 
same as the foregoing embodiments. 
[0056] According to the above-described structure, 
the energy absorber 29 can be formed as an integral 20 
part of the bumper face 3 and, therefore, this embodi- 
ment is advantageous in that it enables reductions in 
man-hours required for assembly and the number of 
components. 

[0057] Since the structure of this embodiment pro- 25 
vides substantially the same functional features and 
advantages as the foregoing embodiments with respect 
to energy-absorbing effect, for example, their detailed 
description is not given here. 

[0058] FIG. 1 2 shows the structure of a front part of 30 
a vehicle body according to a fifth embodiment of the 
invention. This embodiment is characterized in that an 
energy absorber 34 is formed of oil dampers 33. 
[0059] Specifically, the oil dampers 33 are attached 
to the bottom or other peripheral portions of the front 35 
side frame members 5 and the bumper reinforcement 7 
is connected to forward ends of piston rods 33a of the 
oil dampers 33 such that the bumper reinforcement 7 
can retracts rearward. These oil dampers 33 provides 
the load characteristics "b" as depicted in FIG. 5. 40 
[0060] In the structure shown in FIG. 12, a frontal 
impact load (represented by arrow x) will act on the pro- 
jecting part 1 2 via the resin bumper face 3 in the event 
of a collision between the vehicle and a pedestrian. This 
frontal input load is usually smaller than the load level c 45 
shown in FIG. 4 and is received by the projecting part 1 2 
whose rear part is sustained by the front cross member 
10. 

[0061] Thus, in the event of a collision between the 
vehicle and a pedestrian, the pedestrian is swept by 50 
parts of his or her legs lower than the knees by the pro- 
jecting part 12 and impact energy exerted on the legs of 
the pedestrian thrown over toward the vehicle is 
absorbed as the bumper reinforcement 7 supported by 
the oil dampers 33 retracts rearward. 55 
[0062] Since the structure of this embodiment oth- 
erwise provides substantially the same functional fea- 
tures and advantages as the foregoing embodiments, 



their detailed description is not given here. 
[0063] FIGS. 13-16 show the structure of a front 
part of a vehicle body according to a sixth embodiment 
of the invention. In this embodiment, a projecting part 35 
is fixed along a lower part of the rear surface of the 
bumper face 3. This projecting part 35 is installed by its 
both lateral ends 35a by brackets 1 1 which serve as 
down ward -extending support members in such a way 
that the projecting part 35 is installed ahead of and 
below the front side frame members 5. 
[0064] The projecting part 35 has a generally, chan- 
nel-like cross section whose open side is directed rear- 
ward all along its length. The projecting part 35 is 
constructed such that its mechanical strength in the 
vehicle's longitudinal direction gradually increases from 
the lateral ends 35a of the projecting part 35 toward its 
middle part 35b. 

[0065] More specifically, the width W1 and height 
H1 of the projecting part 35 at its lateral ends 35a 
shown in FIG. 15 are made smaller than the width W2 
and height H2 of the middle part 35b of the projecting 
part 35 shown in FIG. 16, respectively, so that the 
strength of the projecting part 35 in the vehicle's longitu- 
dinal direction becomes smaller at its lateral ends 35a 
than at the middle part 35b. 

[0066] The structure of this embodiment in which 
the strength of the projecting part 35 in the vehicle's lon- 
gitudinal direction gradually increases from its lateral 
ends 35a toward its middle part 35b provides such 
advantageous effects that it could prevent the leg- 
sweeping effect from being deteriorated due to great 
deflection of the middle part 35b of the projecting part 
35 as it hits against the legs of a pedestrian and the dis- 
tribution of longitudinal load received by the projecting 
part 35 can be made approximately uniform. 
[0067] Furthermore, since the projecting part 35 is 
formed of an elongate member having a generally chan- 
nel-like cross section opening rearward, there is pro- 
duced such an advantageous effect that the amount of 
energy absorbed by the projecting part 35 can be set to 
a desired value by properly adjusting the degree of its 
opening. 

[0068] Moreover, since the earlier-mentioned lat- 
eral supporting member is formed of the a bumper rein- 
forcement 7 and the projecting part 35 is installed 
ahead of and below the front side frame members 5 by 
means of the brackets 1 1 , it is possible to give sufficient 
strength to the projecting part 35 with a simple construc- 
tion. 

[0069] FIGS. 17-20 show the structure of a front 
part of a vehicle body according to a seventh embodi- 
ment of the invention. In this embodiment a projecting 
part 36 is made of an elongate member having a U- 
shaped cross section whose open side is directed rear- 
ward and the strength of the projecting part 36 in the 
vehicle's longitudinal direction gradually increases from 
its lateral ends 36a toward its middle part 36b. 
[0070] More specifically, the height H3 of the pro- 
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jecting part 36 at its lateral ends 36a shown in FIG. 19 
is made smaller than the height H4 of the middle part 
36b of the projecting part 36 shown in FIG. 20, so that 
the strength of the projecting part 36 in the vehicle's lon- 
gitudinal direction becomes smaller at its lateral ends 5 
36a than at the middle part 36b. In this embodiment, the 
width W4 of the projecting part 36 at its lateral ends 36a 
is made equal to the width W4 at its middle part 36b. 
[0071] FIGS. 21 and 22 show variations of the sixth 
and seventh embodiments shown in FIGS. 13-16 and 10 
17-20, respectively. In these variations, the projecting 
parts 35 and 36 have corrugated surfaces 37 having 
alternating furrows and ridges formed parallel to the lon- 
gitudinal direction of the vehicle body. 

[0072] In this construction, the furrows and ridges 15 
of the corrugated surface 37 which have been spaced at 
regular intervals before impact as shown in FIG. 23 col- 
lapse upon impact as shown in FIG. 24, in which the fur- 
rows and ridges come close to each other at the front of 
the corrugated surface 37 and are separated from each 20 
other at the rear of the projecting part 35 (36) due to a 
frontal impact load (represented by arrow x). Since this 
deformation of the corrugated surface 37 sequentially 
propagates across the furrows and ridges in the direc- 
tion of the vehicle width in the event of a collision, the 25 
projecting part 35 (36) can effectively absorb impact 
energy caused by the collision. 

[0073] In addition, the provision of the corrugated 
surfaces 37 on the projecting parts 35, 36 adds rigidity 
to the projecting parts 35, 36. This reinforcing effect is 30 
advantageous in that it helps to achieve sufficient 
strength even when the projecting parts 35, 36 are 
made thinner. 

[0074] FIGS. 25-27 show the structure of a front 
part of a vehicle body according to an eighth embodi- 35 
ment of the invention. 

[0075] In this embodiment, there are provided a 
projecting part 35 in such a way that a forward end of 
the projecting part 35 juts out frontward beyond the 
bumper reinforcement 7 at a lower part of the front 40 
bumper 9, and tie-down hook plates 80 ahead of and 
below the left and right front side frame members 5, 
wherein left and right ends of the projecting part 35 are 
sustained by the respective tie-down hook plates 80 via 
left and right energy-absorbing pipe assemblies 81. 45 
[0076] The energy-absorbing pipe assemblies 81 
absorb impact energy in the event of a collision as they 
retract when the projecting part 35 is forced rearward. 
Each energy-absorbing pipe assembly 81 is formed of a 
front pipe section (first tubular portion) 82 having a so 
smaller diameter which is joined directly to the rear of 
the projecting part 35 and a rear pipe section (second 
tubular portion) 83 having a larger diameter whose for- 
ward end is fixed to a rear peripheral part of the front 
pipe section 82 by welding, for instance. A peripheral 55 
part of the rear pipe section 83 is then joined to the cor- 
responding tie-down hook plate 80. 
[0077] As shown in FIG. 26, the front pipe section 



82 has a curved funnellike bend 82a at its rear end. This 
bend 82a is formed by radially folding back the rear end 
of the front pipe section 82 and firmly connected to the 
forward end of the rear pipe section 83. In FIGS. 25-27, 
designated by the numeral 84 is an opening for hooking 
and designated by the numeral 23 is a rectangular 
frame. 

[0078] According to the above-described structure 
of this embodiment, when an impact load reaches a 
specified value in the event of a collision between the 
vehicle and a pedestrian, the front pipe section 82 of 
each energy-absorbing pipe assembly 81 deforms and 
is forced into the rear pipe section 83 as shown in FIG. 
27, whereby the impact energy is absorbed at a con- 
stant input load. 

[0079] As the projecting part 35 is sustained by the 
tie-down hook plates 80 which are rigid members, this 
embodiment provides such an advantageous effect that 
it is possible to obtain sufficient rigidity to support the 
projecting part 35. 

[0080] Furthermore, since the projecting part 35 is 
backed by the energy-absorbing pipe assemblies 81 
whose retracting motion serves to absorb the impact 
energy, there are such advantageous effects that the 
impact energy can be effectively absorbed between the 
projecting part 35 and the tie-down hook plates 80 in the 
event of a collision and the energy-absorbing pipe 
assemblies 81 can be securely supported by the tie- 
down hook plates 80. 

[0081] Moreover, the front pipe section 82 (first 
tubular portion) of each energy-absorbing pipe assem- 
bly 81 provided at the rear of the projecting part 35 is 
forced rearward along and into the rear pipe section 83 
(second tubular portion) while absorbing the impact 
energy in the event of a collision between the vehicle 
and a pedestrian. When this situation occurs, the front 
pipe section 82 retracts while maintaining prescribed 
conditions of joint between the rear peripheral part of 
the front pipe section 82 and the forward end of the rear 
pipe section 83. 

[0082] Consequently, the structure of this embodi- 
ment provides such an advantageous effect that it can 
absorb the impact energy at a constant input load with 
the stroke (rearward movement) of the projecting part 
35. 

[0083] Since the structure of this embodiment oth- 
erwise provides substantially the same functional fea- 
tures and advantages as the foregoing embodiments, 
their detailed description is not given here. 
[0084] FIG. 28 shows another example of energy- 
absorbing pipe assemblies 81 provided between the 
projecting part 35 and the tie-down hook plates 80, in 
which an attachment 85 is fitted to a forward end of the 
front pipe section 82 of each energy-absorbing pipe 
assembly 81. 

[0085] More specifically, the attachment 85 has a 
load transmitting part 85a whose outside diameter is 
equal to that of the front pipe section 82 and a mounting 
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part 85b which extends frontward from the load trans- 
mitting part 85a and whose outside diameter is smaller 
than that of the front pipe section 82. The attachment 85 
is fitted by its mounting part 85b to the bottom of a chan- 
nel-like opening of the projecting part 35 on its rear side. 5 
[0086] When the energy-absorbing pipe assem- 
blies 81 are constructed as described above, there is 
produced such an advantageous effect that deformation 
of the channel-like opening of the projecting part 35 is 
not hindered at all. Since the structure of this variation of w 
the eighth embodiment otherwise provides substantially 
the same functional features and advantages as the 
foregoing embodiments, their detailed description is not 
given here. 

[0087] FIGS. 29 and 30 show the structure of a front 75 
part of a vehicle body according to a ninth embodiment 
of the invention. 

[0088] In this embodiment, there is provided a pro- 
jecting part 86 made of resin instead of the aforemen- 
tioned projecting part 35. The projecting part 86 is 20 
installed in approximately a horizontal position ahead of 
and below the front side frame members 5 by means of 
tie-down hook plates 80 such that a forward end of the 
projecting part 86 juts out frontward beyond the bumper 
reinforcement 7 at a lower part of the front bumper 9. 25 
[0089] The projecting part 86 is made of synthetic 
resin like polypropylene (PP) or polyethylene (PE) into 
the shape shown in FIG. 30. 

[0090] More specifically, the projecting part 86 is 
formed of left, right, front and rear frame elements 87-90 30 
which together form a rectangular frame, ribs 91 span- 
ning in the direction of the vehicle width between the left 
and right frame elements 87, 88 and arranged at spe- 
cific intervals in the vehicle's longitudinal direction, a rib 
92 extending in the longitudinal direction at the middle 35 
of the width of the projecting part 86, ribs 93, 94 span- 
ning in oblique directions inside the rectangular frame 
(frame elements 87-90), and fixing tabs 95 projecting 
upward from upper rear terminal parts of the left and 
right frame elements 87, 88. These ejements of the pro- 40 
jecting part 86 are molded into a single resin structure 
(honeycomb structure) which has a generally fanlike 
shape as a whole in plan view. This resin structure is 
constructed such that it would provide desired load 
characteristics by properly selecting the thickness of the 45 
frame elements 87-90 and the spacings and directions 
of the ribs 91-94. 

[0091 ] The resin projecting part 86 thus constructed 
is installed by securing the fixing tabs 95 to the tie-down 
hook plates 80 with fixing parts 96 such as bolts and so 
nuts. 

[0092] Since this projecting part 86 has the central 
longitudinal rib 92 and is formed into the generally fan- 
like shape in plan view, mechanical strength of the pro- 
jecting part 86 in the vehicle's longitudinal direction 55 
gradually increases from its left and right ends to its 
middle part 

[0093] Functional features of the aforementioned 



structure of the front of the vehicle of the present 
embodiment are now described. 
[0094] An impact load exerted on the resin bumper 
face 3 from the front in the event of a collision between 
the vehicle and a pedestrian is received by the project- 
ing part 86 which is supported by the front side frame 
members 5 via the tie-down hook plates 80. 
[0095] Thus, in the event of a collision between the 
vehicle and a pedestrian, the pedestrian is swept by 
parts of his or her legs lower than the knees by the pro- 
jecting part 86. After impact energy exerted on the parts 
of the legs of the pedestrian who is thrown over toward 
the vehicle has been absorbed by the energy absorber 
8, the pedestrian drops onto the top of the hood 1 so 
that the pedestrian is protected. 

[0096] Furthermore, since the projecting part 86 is 
constructed such that its mechanical strength in the 
vehicle's longitudinal direction gradually increases from 
its left and right ends to its middle part, the structure of 
this embodiment provides such an advantageous effect 
that the projecting part 86 receives approximately the 
same level of frontal load in the event of a collision no 
matter which part of projecting part 86 along its length 
(along the width of the vehicle) hits the pedestrian. In 
addition, another advantage of using this structure is 
that the projecting part 86 can deform at any portion 
over the entire length of the projecting part 86 at sub- 
stantially the same amount in the event of a collision. 
[0097] In this embodiment, two fixing holes are 
made in each fixing tab 95 for fitting the fixing parts 96 
when fixing the projecting part 86 to the tie-down hook 
plates 80. Of these two fixing holes, the front fixing hole 
may be formed into a vertically extending slot so that the 
projecting part 86 can be moved upward if it interferes 
(or collides) with the road surface or with an obstacle on 
the road surface. This would help prevent breakage and 
other damages to the projecting part 86 and confer an 
advantage with respect to approach angle. 
[0098] FIG. 31 shows the structure of a front part of 
a vehicle body according to a tenth embodiment of the 
invention. In this embodiment, there is provided a 
bumper face 3 made of resin and an energy absorber 
40A which is assembled with the bumper face 3 on its 
rear surface to together form a single structure. This 
energy absorber 40A is located at a position corre- 
sponding to the height of the knees of a pedestrian 
ahead of the bumper reinforcement 7 (lateral supporting 
member). 

[0099] In a front bumper 9 including the bumper 
face 3, the bumper reinforcement 7 and the energy 
absorber 40A, a lower leg supporting part 41 A extend- 
ing in the direction of the vehicle width is provided inte- 
grally with the bumper face 3 at a lower part of its rear 
surface, and a rear portion of the lower leg supporting 
part 41 A is supported by the front cross member 10 
which is a specific example of a structural member of 
the vehicle body. The energy absorber 40A and the 
lower leg supporting part 41 A are combined with the 
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bumper face 3 ail the way along the length of the front 
bumper 9 (i.e., across the vehicle width). 
[0100] In one variation of this embodiment, a rec- 
tangular frame shown in FIG. 7 may be used as a struc- 
tural member of the vehicle body instead of the front 5 
cross member 10. Also, in a vehicle which is not pro- 
vided with the front cross member 1 0, stays (not shown) 
extended downward from the front side frame members 
5 or from the bumper reinforcement 7 may be used as 
structural members of the vehicle body. w 
[0101] There is formed a gap g of a specific dis- 
tance between a rear surface of the energy absorber 
40A and a front surface of the bumper reinforcement 7 
as shown in FIG. 31. 

[0102] When the bumper face 3 is displaced rear- 15 
ward as a result of a collision between the vehicle and a 
pedestrian, the gap g is zeroed and a forward end of the 
lower leg supporting part 41 A juts out more frontward 
than that of the energy absorber 40A. More particularly, 
although the forward end of the lower leg supporting 20 
part 41 A is located more rearward than that of the 
energy absorber 40A under normal conditions shown in 
FIG. 31 , the forward end of the lower leg supporting part 
41 A juts out more frontward than that of the energy 
absorber 40A when the bumper face 3 is displaced rear- 25 
ward and the gap g is zeroed in the event of a collision 
between the vehicle and the pedestrian. 
[0103] A specific example of the construction of the 
energy absorber 40A of FIG. 31 is shown in FIGS. 32 
and 33. The energy absorber 40A is made of the same 30 
synthetic resin material as the bumper face 3, such as 
polypropylene (PP), and is constructed such that it 
extends in the direction of the vehicle width along an 
upper part of the rear surface of the bumper face 3 
ahead of the bumper reinforcement 7. 35 
[0104] As shown in FIGS. 32 and 33, the energy 
absorber 40A is formed of a main structural part 42 
extending in the direction of the vehicle width in an 
upright position, a plurality of horizontal front ribs 43 and 
vertical front ribs 44 extending frontward from a front 40 
surface of the main structural part 42, and a plurality of 
horizontal rear ribs 45 and vertical rear ribs 46 extend- 
ing rearward from a rear surface of the main structural 
part 42. 

[0105] Furthermore, the rigidity of the energy 45 
absorber 40A at root portions of the horizontal front ribs 
43 is made smaller than that of the energy absorber 40A 
at root portions of the horizontal rear ribs 45. 
[0106] Specifically, the thickness of the horizontal 
front ribs 43 is made smaller than that of the horizontal so 
rear ribs 45 and the spacing between at least the hori- 
zontal front ribs 43 is made larger than that between the 
horizontal rear ribs 45. 

[0107] In addition to setting the spacings of the hor- 
izontal front ribs 43 and the horizontal rear ribs 45 in the 55 
aforementioned fashion, the spacing between the verti- 
cal front ribs 44 may also be made larger than that 
between the vertical rear ribs 46. 



[0108] The energy absorber 40A thus constructed 
is integrally joined to a specific part of the rear surface 
of the bumper face 3 by heat bonding, for instance. 
[0109] In the event of a collision, the front ribs 43, 
44 of the energy absorber 40A in a region d shown in 
FIG. 32 collapse with a relatively small impact load and, 
then, the rear ribs 45, 46 in a region e collapse with a 
larger impact load. Thus, the energy absorber 40A pro- 
vides generally steplike load characteristics T (two- 
step energy-absorbing characteristics) as illustrated in 
FIG. 34. As a whole, the amount of energy absorbed by 
the energy absorber 40A is increased compared to the 
foregoing embodiments that provide the load character- 
istics "b". 

[01 10] A specific example of the construction of the 
lower leg supporting part 41 A of FIG. 31 is described 
with reference to FIGS. 35-37. The lower leg supporting 
part 41 A is made of the same synthetic resin material as 
the bumper face 3, such as polypropylene (PP), and is 
constructed such that it extends in the direction of the 
vehicle width along a lower part of the rear surface of 
the bumper face 3. 

[0111] The lower leg supporting part 41 A has a 
generally upright front strip 47, an upright rear strip 48, 
a horizontal main stiffening plate 49 which extends in 
the vehicle's longitudinal direction between the front 
strip 47 and the rear strip 48. These elements together 
constitute a main structural part 50 having a generally 
H-shaped cross section. Further, a plurality of upper 
ribs 51 extending in the longitudinal direction and an 
upper rib 52 extending in the direction of the vehicle 
width are formed on a top surface of the main stiffening 
plate 49 while a plurality of lower ribs 53 extending in the 
longitudinal direction and a lower rib 54 extending in the 
direction of the vehicle width are on a bottom surface of 
the main stiffening plate 49. 

[01 12] The spacings between the front strip 47, the 
upper rib 52 and the rear strip 48 in the vehicle's longi- 
tudinal direction and the spacings between the upper 
ribs 51 in the vehicle's lateral direction are made rather 
large on the top side of the main stiffening plate 49, 
whereas the spacings between the front strip 47, lower 
rib 54 and the rear strip 48 in the vehicle's longitudinal 
direction and the spacings between the lower ribs 53 in 
the vehicle's lateral direction are made smaller on the 
bottom side of the main stiffening plate 49. 
[0113] In this construction, there is formed a clear- 
ance C1 (or cutout) as a marginal space between a rear 
end of each upper rib 51 on the front side and a front 
surface of the upper rib 52. Also, there is formed a clear- 
ance C2 (or cutout) as a marginal space between a rear 
end of each lower rib 53 and a front surface of the rear 
strip 48. These clearances C1, C2 allow deflection of 
the lower leg supporting part 41 A and serves to 
increase the approach angle when an impact load is 
exerted upon the lower leg supporting part 41 A in the 
event of a collision. Specifically, when the impact load is 
exerted upon the lower leg supporting part 41 A, its for- 
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ward end is lifted upward together with the bumper face 

3. 

[01 1 4] The lower leg supporting part 41 A thus con- 
structed is integrally joined to a specific part of the rear 
surface of the bumper face 3 by heat bonding, for 5 
instance. 

[0115] FIG. 38 is a graphical representation of the 
load characteristics "a* of the lower leg supporting part 
41 A, in which the horizontal axis represents the amount 
of deformation (or collapse) while the vertical axis repre- 10 
sents the load (dynamic collapsing load). The load char- 
acteristics "a" of the lower leg supporting part 41 A are 
determined such that the input load (expressed in new- 
tons) first increases rapidly from the zero point to a spe- 
cific load level c in proportion to the amount of 75 
deformation and, then, after the lower leg supporting 
part 41 A has begun to plastically deform when the input 
load has reached the load level c, the amount of defor- 
mation increases under approximately a constant load. 
[0116] Furthermore, the load level c of the afore- 20 
mentioned load characteristics "a" can be easily 
adjusted as to a desired level as shown by alternate 
long and two short dashed lines in FIG. 38 by changing 
the thickness and spacings of the individual ribs 51-54. 
[0117] Furthermore, the rigidity of the lower leg 25 
supporting part 41 A depicted in FIGS. 35-37 is made 
smaller than that of the energy absorber 40A. In these 
Figures, "FR" designates the forward direction of the 
vehicle. 

[0118] Functional features of the aforementioned 30 
structure of the front of the vehicle of the present 
embodiment are now described. 

[0119] Since an impact load represented by an 
arrow x in FIG. 31 is exerted on the front bumper 9 in the 
event of a collision between the vehicle and a pedes- 35 
trian, the bumper face 3 made of resin is displaced rear- 
ward at first and the gap g shown in FIG. 31 is zeroed 
and the forward end of the lower leg supporting part 
41 A juts out relatively frontward. 

[0120] Consequently, the lower leg supporting part 40 
41 A sweeps the pedestrian by parts of his or her legs 
lower than the knees and the laterally extending energy 
absorber 40A absorbs impact energy exerted on the 
parts of the legs of the pedestrian who is thrown over 
toward the vehicle in two discrete steps as shown in 45 
FIG. 34. Then, the pedestrian drops onto the top of the 
hood 1 so that the pedestrian is protected. 
[0121] According to the present embodiment shown 
in FIGS. 31-38, there is provided the front bumper 9 
associated with the bumper face 3, the bumper rein- so 
forcement 7 (lateral supporting member) located behind 
the bumper face 3, and the lower leg supporting part 
41 A extending in the direction of the vehicle width at a 
lower part of the front bumper 9 with the rear portion of 
the lower leg supporting part 41 A supported by the front 55 
cross member 1 0 (which is the structural member of the 
vehicle body) as seen above. Since the forward end of 
the lower leg supporting part 41 A juts out relatively 



frontward compared to the bumper reinforcement 7 (lat- 
eral supporting member) when the bumper face 3 is dis- 
placed rearward, the structure of this embodiment 
provides the following advantageous effects. 
[0122] Specifically, since the bumper face 3 is first 
displaced rearward in the event of a collision between 
the vehicle and a pedestrian, the forward end of the 
lower leg supporting part 41 A juts out relatively front- 
ward compared to the bumper reinforcement 7 (lateral 
supporting member) and the lower leg supporting part 
41 A whose rear portion is supported by the front cross 
member 10 (structural member of the vehicle body) 
receives a frontal impact load exerted in the direction of 
the arrow x in FIG. 31 . Thus, the pedestrian is swept by 
parts of his or her legs lower than the knees by the lower 
leg supporting part 41 A upon collision so that the 
pedestrian thrown over toward the vehicle is caused to 
drop onto the top of the hood 1 in a reliable fashion. 
There is produced such an advantageous effect that the 
pedestrian can be protected from secondary damage. 
[0123] The present embodiment is also advanta- 
geous in that it is possible to provide increased safety of 
the legs of the pedestrian by properly selecting the 
strength (or load characteristics) of the lower teg sup- 
porting part 41 A, simplify the structure of the front of the 
vehicle and prevent the occurrence of malfunction. Fur- 
thermore, there are no limitations in the design of the 
front bumper 9 so that its assembly can be simplified. 
[0124] Also, since the aforementioned lateral sup- 
porting member is formed of the bumper reinforcement 
7, it is possible to effectively use the already existing 
member, eliminating the need to additionally provide a 
member extending in the direction of the vehicle width. 
[0125] Since the rigidity of the lower leg supporting 
part 41 A (FIG. 38) is made larger than that of the energy 
absorber 40A (FIG. 34) provided ahead of the bumper 
reinforcement 7 (lateral supporting member), there are 
produced such advantageous effects that it is possible 
to sweep the pedestrian by his or her lower legs in a reli- 
able fashion and the energy absorber 40A can effec- 
tively absorb impact energy exerted on the lower legs of 
the pedestrian who is thrown over toward the vehicle. 
[0126] Furthermore, since the aforementioned 
energy absorber 40A is formed of the main structural 
part 42 and the ribs 43-46 and joined to the bumper face 
3 to together form a single structure, there is such an 
advantageous effect that it is possible to increase the 
amount of absorbed energy and adjust the amount of 
absorbed energy more easily by determining the thick- 
ness and spacings of the individual ribs 43-46 as appro- 
priate. 

[01 27] Since there is provided the gap g of the spe- 
cific distance between the energy-absorbing ribs 45, 46 
of the energy absorber 40A and the bumper reinforce- 
ment 7, the lower leg supporting part 41 A is allowed to 
relatively juts out when the bumper face 3 is displaced 
rearward in the event of a collision between the vehicle 
and a pedestrian. As a result, there is produced such an 
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advantageous effect that the lower leg supporting part 
41 A can sweep the pedestrian by his or her lower legs 
in a reliable fashion. 

[0128] Furthermore, since the aforementioned 
lower leg supporting part 41 A has the ribs 51-54 and 
the spacings between the upper ribs 51, 52 are made 
relatively large while the spacings between the lower 
ribs 53, 54 are made smaller, it allows deflection of the 
lower leg supporting part 41 A and provides an 
increased approach angle when a load is exerted from 
the road surface. It is to be pointed out that if the spac- 
ings between both the upper ribs 51, 52 and the lower 
ribs 53, 54 are small, deflection of the lower leg support- 
ing part 41 A would be hindered. 

[0129] Furthermore, since the energy absorber 40A 
is provided with the front ribs 43, 44 and the rear ribs 45, 
46, and the modulus of elasticity of the front ribs 43, 44 
is set to a small value while that of the rear ribs 45, 46 is 
set to a large value, there is produced such an advanta- 
geous effect that the impact energy exerted on the lower 
legs of the pedestrian is initially alleviated and a suffi- 
cient amount of energy is later absorbed. 
[0130] In particular, as steplike energy- absorbing 
characteristics T (FIG. 34) are obtained with the struc- 
ture of this embodiment, the amount of the absorbed 
energy is increased as a whole. Also, the provision of 
the ribs 43-46, 51-54 serves to facilitate the adjustment 
of the amount of the absorbed energy. 
[0131] Furthermore, since the thickness of the front 
ribs 43, 44 of the energy absorber 40A is made rela- 
tively small and that of the rear ribs 45, 46 is made 
larger, there is produced such an advantageous effect 
that the energy absorber 40A can initially alleviate the 
impact energy upon collision and eventually absorb a 
sufficient amount of energy. 

[0132] Moreover, since the spacings between the 
front ribs 43, 44 of the energy absorber 40 A are made 
relatively targe and the spacings between the rear ribs 
45, 46 are made smaller, there is produced such an 
advantageous effect that the energy absorber 40A can 
initially alleviate the impact energy upon collision and 
eventually absorb a sufficient amount of energy. 
[0133] FIGS. 39 and 40 show an energy absorber 
40B (energy-absorbing ribs) in one variation of the tenth 
embodiment, in which the energy absorber 40B is inte- 
grally joined to the rear surface of the bumper face 3 by 
heat bonding, for instance, such that the energy 
absorber 40B is positioned face to face with the bumper 
reinforcement 7. 

[0134] This energy absorber 40B is made of the 
same synthetic resin material as the bumper face 3, 
such as polypropylene (PP), and is constructed such 
that it extends in the direction of the vehicle width along 
the bumper face 3 ahead of the bumper reinforcement 
7. 

[0135] As shown in FIGS. 39 and 40, the energy 
absorber 40B is formed of a main structural part 55 
extending in the direction of the vehicle width in an 



upright position, a plurality of horizontal front ribs 56 and 
vertical front ribs 57 extending frontward from a front 
surface of the main structural part 55, and a plurality of 
horizontal rear ribs 58 and vertical rear ribs 59 extend- 
5 ing rearward from a rear surface of the main structural 
part 55. 

[0136] In this energy absorber 40B, the horizontal 
front ribs 56 extending frontward are tapered such that 
they become narrower from their rear root portions 

10 toward their front ends. 

[0137] Furthermore, the energy absorber 40B is so 
constructed that the amount of energy absorbed by the 
horizontal front ribs 56 are relatively small as compared 
to the amount of energy absorbed by the horizontal rear 

15 ribs 58. 

[0138] Specifically, the thickness (cross-sectional 
area) of the horizontal front ribs 56 is made smaller than 
that of the horizontal rear ribs 58 and the spacing 
between the vertical front ribs 57 is made larger than 

20 that between the vertical rear ribs 59. 

[0139] The energy absorber 40B thus constructed 
is integrally joined to a specific part of the rear surface 
of the bumper face 3 by heat bonding, for instance. 
[0140] In the event of a collision, the front ribs 56, 

25 57 of the energy absorber 40B in a region m shown in 
FIG. 39 collapse with a relatively small impact load and, 
then, the rear ribs 58, 59 in a region n collapse with a 
larger impact load. Thus, the energy absorber 40B pro- 
vides generally steplike load characteristics n h" (two- 

30 step energy-absorbing characteristics) as illustrated in 
FIG. 41 . As a whole, the amount of energy absorbed by 
the energy absorber 40B is increased compared to the 
foregoing embodiments that provide the load character- 
istics "b". 

35 [0141] FIG. 41 is a graphical representation of the 
load characteristics "h" of the energy absorber 40B, in 
which the horizontal axis represents the amount of 
deformation (or collapse) while the vertical axis repre- 
sents the load (dynamic collapsing load). 

40 [0142] The energy absorber 40B of FIGS. 39-41 
provides substantially the same functional features and 
advantages as the foregoing embodiments. 
[0143] FIGS. 42-44 show an energy absorber 40C 
(energy-absorbing ribs) in another variation of the tenth 

45 embodiment, in which the energy absorber 40C is inte- 
grally joined to the rear surface of the bumper face 3 by 
heat bonding, for instance, such that the energy 
absorber 40C is positioned face to face with the bumper 
reinforcement 7. 

50 [0144] This energy absorber 40C is made of the 
same synthetic resin material as the bumper face 3, 
such as polypropylene (PP), and is constructed such 
that it extends in the direction of the vehicle width along 
the bumper face 3 ahead of the bumper reinforcement 

55 7. 

[0145] As shown in FIGS. 42-44, the energy 
absorber 40C is formed of a main structural part 60 
extending in the direction of the vehicle width in an 
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upright position, a plurality of horizontal ribs 61-64 
extending frontward in a steplike fashion from a front 
surface of the main structural part 60, and a plurality of 
vertical ribs 65-67 which vertically connect the multiple 
horizontal ribs 61 -64. 

[0146] In this energy absorber 40C, the ribs 61, 62 
and 65 work as front ribs, the ribs 63 and 66 work as 
middle ribs, the ribs 64 and 67 work as rear ribs. In the 
event of a collision, the energy absorber 40C (energy- 
absorbing ribs) collapses in a region r shown in FIG. 42 
with a relatively small impact load, collapses in a region 
s shown in FIG. 42 with a medium-level impact load 
and, then, collapses in a region t shown in FIG. 42 with 
a large impact load. Thus, the energy absorber 40C pro- 
vides generally steplike load characteristics "j" (three- 
step energy- absorbing characteristics) as illustrated in 
FIG. 45. As a whole, the amount of energy absorbed by 
the energy absorber 40C is increased compared to the 
foregoing embodiments that provide the load character- 
istics "b\ 

[0147] FIG. 45 shows a graphical representation of 
the load characteristics "j" of the energy absorber 40C, 
in which the horizontal axis represents the amount of 
deformation (or collapse) while the vertical axis repre- 
sents the load (dynamic collapsing load). 
[0148] The energy absorber 40C thus constructed 
is integrally joined to a specific part of the rear surface 
of the bumper face 3 by heat bonding, for instance. 
[0149] The energy absorber 40C of FIGS. 42-45 
provides substantially the same functional features and 
advantages as the foregoing embodiments. 
[0150] FIGS. 46-48 show a lower leg supporting 
part 41 B whose rear portion is supported by the front 
cross member 10 which is a structural member of the 
vehicle body in still another variation of the tenth 
embodiment, in which elements identical or equivalent 
to those depicted in FIGS. 35-37 are designated by the 
same reference numerals. 

[0151] While the lower leg supporting part 41 B of 
this variation of the tenth embodiment also has a plural- 
ity of ribs 51 -54 like the lower leg supporting part 41 A of 
FIGS. 35-37, the thickness of the upper rib 52 is made 
smaller and that of the lower rib 54 is made larger. 
[0152] Since the lower leg supporting part 41 B of 
this variation shown in FIGS. 46-48 is formed of the mul- 
tiple ribs 51-54, and the thickness of the upper rib 52 is 
made smaller and that of the lower rib 54 is made larger, 
it allows deflection of the lower leg supporting part 41 B 
and provides an increased approach angle when a load 
is exerted from the road surface. 
[0153] It is to be pointed out that if the thicknesses 
of both the upper rib 52 and the lower ribs 54 are large, 
deflection of the lower leg supporting part 41 B would be 
hindered. The lower leg supporting part 41 B of FIGS. 
46-48 otherwise provides substantially the same func- 
tional features and advantages as the foregoing embod- 
iments. 

[0154] FIGS. 49-51 show a lower leg supporting 



part 41 C whose rear portion is supported by the front 
cross member 10 which is a structural member of the 
vehicle body in yet another variation of the tenth embod- 
iment, in which elements identical or equivalent to those 
5 depicted in FIGS. 35-37 are designated by the same 
reference numerals. 

[0155] The lower leg supporting part 41 C of FIGS. 
49-51 has a main structural part 50 formed of a front 
strip 47, a rear strip 48 and a horizontal main stiffening 

w plate 49 which together form a generally H-shaped 
cross section like the lower leg supporting part 41 A of 
FIGS. 35-37. A plurality of upper ribs 68-70 formed par- 
allel to the vehicle's longitudinal direction and upper ribs 
71, 72 formed parallel to the direction of the vehicle 

rs width extend upward from a top surface of the main stiff- 
ening plate 49 of the main structural part 50 while a plu- 
rality of lower ribs 73-76 formed parallel to the vehicle's 
longitudinal direction and lower ribs 77-79 formed paral- 
lel to the direction of the vehicle width extend downward 

20 from a bottom surface of the main stiffening plate 49 of 
the main structural part 50. 

[01 56] The spacings between the front strip 47, the 
upper ribs 71, 72 and the rear strip 48 in the vehicle's 
longitudinal direction and the spacings between the 

25 upper ribs 68-70 in the vehicle's lateral direction are 
made rather large on the top side of the main stiffening 
plate 49, whereas the spacings between the front strip 
47, the lower ribs 77-79 and the rear strip 48 in the vehi- 
cle's longitudinal direction and the spacings between 

30 the lower ribs 73-76 in the vehicle's lateral direction are 
made smaller on the bottom side of the main stiffening 
plate 49. 

[0157] In this lower leg supporting part 41 C, the 
height of the upper ribs 68, 70 is determined such that 

35 they become generally flush with upper ends of the 
upper ribs 71, 72 and the height of the upper ribs 69 
located in the middle of the longitudinal dimension of the 
lower leg supporting part 41 C is made smaller (one-half 
in this variation of the tenth embodiment) than that of 

40 the upper ribs 68, 70. 

[01 58] Similarly, the amount of downward projection 
of the lower ribs 73, 76 is determined such that they 
become generally flush with lower ends of the lower ribs 
77-79 and the amount of downward projection of the 

45 lower ribs 74, 75 located in the middle of the longitudinal 
dimension of the lower leg supporting part 41 C is made 
smaller (one-half in this variation of the tenth embodi- 
ment) than that of the lower ribs 73, 76. In this construc- 
tion, the aforementioned ribs 69, 74, 75 together 

so constitutes a portion which allows deflection of the lower 
leg supporting part 41 C. 

[0159] It would be recognized from the above dis- 
cussion that since the height of the upper ribs 69 and 
the amount of projection of the lower ribs 74, 75 which 
55 are located in the middle of the longitudinal dimension 
of the lower leg supporting part 41 C are made smaller, 
the lower leg supporting part 41 C produces substan- 
tially the same effects as the lower leg supporting parts 
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41 A and 41 B without the provision of the clearances C1 , 
C2 shown in FIGS. 35-37, 46-48. 
[0160] In other words, the lower leg supporting part 
41 C of FIGS. 49-51 is so constructed as to enable its 
own deflection and provide an increased approach 
angle when a load is exerted from the road surface by 
decreasing the height of the upper ribs 69 and the 
amount of projection of the lower ribs 74, 75. 
[0161] The lower leg supporting part 41 C thus con- 
structed is integrally joined to a specific part of the rear 
surface of the bumper face 3 by heat bonding, for 
instance. 

[0162] The lower leg supporting part 41 C of FIGS. 
49-51 provides substantially the same functional fea- 
tures and advantages as the foregoing embodiments. 
[0163] Although the energy absorbers 40A, 40B, 
40C and the lower leg supporting parts 41 A, 41 B, 41 C 
of the foregoing embodiments each employ a rib struc- 
ture in which two sets of parallel ribs intersect at right 
angles, these ribs may be arranged such that they inter- 
sect at other than right angles. In one alternative, a hon- 
eycomb structure may be employed instead of the rib 
structure. Another alternative approach would be to 
construct the rib structure in such a manner that at least 
part of the ribs are formed at an oblique angle to 
achieve a uniform distribution of loads. 
[0164] Also, a desired combination of an energy 
absorber and a lower leg supporting part which are 
assembled integrally with the bumper face 3 may be 
selected from the energy absorbers 40A, 40B, 40C and 
the lower leg supporting parts 41 A, 41 B, 41 C of the 
foregoing embodiments. For example, the energy 
absorber 40A may be combined with the lower leg sup- 
porting part 41 C, or the energy absorber 40B may be 
combined with the lower leg supporting part 41 A, as 
appropriate. 

[0165] Alternatively, one of the lower leg supporting 
parts 41 A, 41 B, 41 C may be combined with the earlier- 
mentioned energy absorber 8. 

[0166] Furthermore, one each of the energy 
absorbers 40A, 40B, 40C and the lower leg supporting 
parts 41 A, 41 B, 41 C may be integrally joined to the 
bumper face 3 by adhesive bonding or any of other 
appropriate methods instead of heat bonding. 
[0167] In the appended claims, the expression 
"bumper* corresponds to the front bumper 9 referred to 
in the foregoing embodiments. Similarly, "lateral sup- 
porting member" corresponds to the bumper reinforce- 
ment 7, "support member" corresponds to the 
supporting arm 27, "damping device" corresponds to 
the oil damper 33, "structural member of the vehicle 
body" corresponds to the front cross member 10, the 
rectangular frame 23 or stays, and "a gap between 
energy-absorbing ribs and bumper reinforcement" cor- 
responds to the gap g. It is to be noted, however, that 
the present invention is not limited to the structures of 
the foregoing embodiments. 

[0168] Furthermore, the energy absorbers 40A, 
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40B, 40C and the lower leg supporting parts 41 A, 41 B, 
41 C need not necessarily be made of polypropylene 
(PP) but may be made of other appropriate resin mate- 
rial. 

5 [01 69] FIGS. 52 and 53 show the structure of a front 
part of a vehicle body according to an eleventh embod- 
iment of the invention. The structure of this embodiment 
includes a front cross member 10 extending widthwise 
which serves as a structural member of the vehicle 
10 body, and a bracket 1 1 such as a radiator support mem- 
ber is connected to the front cross member 10. 
[0170] A plurality of hollow impact- receiving mem- 
bers 38 made of metal plates like iron plates are 
attached to the front of the front cross member 10. 
15 Although there are provided three impact- receiving 
members 38 in this embodiment as shown in FIG. 53, 
the central impact- receiving member 38 may be elimi- 
nated in a varied form of the embodiment. 
[0171] The impact-receiving members 38 are 
20 designed such that their yield strength is lower than that 
of the bumper reinforcement 7 and a front surface 38a 
of each impact- receiving member 38 is recessed rear- 
ward in the middle of its height forming a recess. 
[0172] There is further provided a backing bar 39 at 
25 a lower part of the rear surface of a bumper face 3. This 
backing bar 39 extends in the direction of the vehicle 
width and is integrally attached to the bumper face 3. 
[0173] In this embodiment, a round metal pipe 
made of iron, for instance, is used as the backing bar 
30 39. This round pipe is bent before installation to give it a 
curved shape (camber) that would properly fit on the 
bumper face 3 and is embedded in a lower cylindrical 
bulging portion 3a on the rear surface of the bumper 
face 3 which is made of resin. 
35 [0174] The aforementioned impact-receiving mem- 
bers 38 are installed behind the backing bar 39 in such 
a manner that they are positioned face to face with each 
other with a specified gap Ga between the rearmost 
part of the backing bar 39 and front surfaces 38a of the 
40 impact-receiving members 38. The longitudinal posi- 
tions of the bumper reinforcement 7 and the impact- 
receiving members 38 are determined such that the 
backing bar 39 would come in contact with the impact- 
receiving members 38 ahead of the front surface of the 
45 bumper reinforcement 7 in the event of a collision. This 
arrangement is used to prevent impact which could be 
caused if the bumper face 3 directly hits against the 
bumper reinforcement 7 when displaced rearward. 
[0175] FIG. 54 is a graphical representation of the 
so load characteristics "a" of the energy absorber 8 and the 
load characteristics "b" of the impact-receiving mem- 
bers 38. 

[0176] The load characteristics "a" of the energy 
absorber 8 are determined such that input load and the 
55 amount of deformation are proportional to each other. 
On the other hand, the load characteristics "b" of the 
impact-receiving members 38 are determined such that 
the input load (expressed in newtons) first increases 



14 



27 



EP 1 065 108 A2 



28 



rapidly from the zero point to a specific load level c in 
proportion to the amount of deformation and, then, after 
the impact-receiving members 38 have begun to plasti- 
cally deform when the input load has reached the load 
level c, the amount of deformation increases under 5 
approximately a constant load. The modulus of elastic- 
ity of the impact- receiving members 38 is set to a value 
larger than that of the energy absorber 8. 
[0177] The impact-receiving members 38 exhibit 
the load characteristics "b" depicted in FIG. 54 after the w 
aforementioned gap Ga has been zeroed when the 
backing bar 39 mounted on the bumper face 3 has been 
displaced rearward and gone into contact with the front 
surfaces 38a of the impact-receiving members 38 in the 
event of a collision between the vehicle and a pedes- 15 
trian. It is preferable that the load level c of the load 
characteristics "b" of the impact-receiving members 38 
be set to a value not exceeding 7000 N (newtons) to 
prevent damage to the legs of the pedestrian. 
[0178] In the structure of this embodiment, the load 20 
is exerted on the resin bumper face 3 in the direction of 
an arrow x shown in FIG. 52 in the event of a collision 
between the vehicle and a pedestrian and, as a conse- 
quence, the backing bar 39 is displaced rearward 
together with the bumper face 3 while absorbing impact 2s 
energy and comes into contact with the front surfaces 
38a of the impact-receiving members 38. 
[0179] Since a load exerted on the impact-receiving 
members 38 is usually smaller than the load level c 
shown in FIG. 54, the input load on the bumper face 3 30 
(represented by the arrow x) is received by the impact- 
receiving members 38 whose rear ends are supported 
by the front cross member 1 0. 

[0180] Thus, in the event of a collision between the 
vehicle and a pedestrian, the pedestrian is swept by 35 
parts of his or her legs lower than the knees by the 
backing bar 39 and thrown over toward the vehicle. After 
the impact energy exerted on the pedestrian when his 
or her legs come in contact with a portion of the bumper 
face 3 where the energy absorber 8 is located has been 40 
absorbed, the pedestrian is caused to drop onto the top 
of the hood 1 . 

[0181] On the other hand, when a lower part of the 
bumper face 3 fitted with the backing bar 39 hits against 
an obstacle on the road surface, an impact load is 45 
exerted from underneath as shown by an arrow y in 
FIG. 52. Should this occur, the backing bar 39 embed- 
ded in the resin bumper face 3 is displaced upward 
together with the lower part of the bumper face 3 and, 
when the upward impact load has been released, the so 
backing bar 39 returns to its original position. 
[0182] Since the pedestrian is swept by parts of his 
or her legs lower than the knees by the backing bar 39 
and caused to drop onto the top of the hood 1 upon col- 
lision as described above, it is possible to protect the 55 
pedestrian from secondary damage. 
[0183] The structure of this embodiment also pro- 
vides such an advantageous effect that it is possible to 



protect the legs of the pedestrian by properly determin- 
ing the load characteristics "b" of the impact-receiving 
members 38. Furthermore, since the backing bar 39 is 
integrally fitted to the bumper face 3, the embodiment 
provides extra ease of assembly. Also, the structure of 
this embodiment is simple and the occurrence of mal- 
function is prevented as it is not necessary to provide 
sensors and an air bag unlike the earlier-mentioned 
conventional structure. 

[0184] Furthermore, since the backing bar 39 is 
embedded in the resin bumper face 3 in the structure of 
this embodiment, it is possible to reliably retain the 
backing bar 39 which is a functional component in the 
lower part of the bumper face 3 and enhance productiv- 
ity and ease of assembly. 

[0185] Although the backing bar 39 made of a 
round iron pipe is embedded in the lower part of the 
bumper face 3 in the structure of the eleventh embodi- 
ment, a backing bar 39a made of a round resin pipe may 
be integrally bonded to a lower part of the rear surface 
of a bumper face 3 by adhesive bonding or heat bonding 
as shown in FIG. 55. In this twelfth embodiment, the 
bumper face 3 and the backing bar 39a may be made of 
such thermoplastic materials as synthetic resin as poly- 
propylene (PP), acrylonitrile butadiene styrene (ABS) 
resin or polyethylene (PE). 

[0186] The structure of this twelfth embodiment in 
which the backing bar 39a is fixed to the lower part of 
the bumper face 3 made of resin facilitates molding 
process compared to the eleventh embodiment in which 
the backing bar 39 made of metal is embedded in the 
bumper face 3. In addition, this embodiment provides 
such an advantageous effect that the strength of the 
backing bar 39a can be easily adjusted by changing its 
diameter, for example. 

[01 87] FIGS. 56 and 57 show the structure of a front 
part of a vehicle body according to a thirteenth embodi- 
ment of the invention, in which a backing bar 39 made of 
a round metal pipe is integrally fixed to a lower part of 
the rear surface of a bumper face 3 by a plurality of 
clamps 97. 

[0188] Specifically, there are formed a plurality of 
ribs 3b on the lower part of the rear surface of the 
bumper face 3 at specific intervals in the direction of the 
vehicle width. A mounting groove 3c having a semicircu- 
lar cross section which properly fits on the curved outer 
surface of the backing bar 39 is formed in each rib 3b 
and fixing nuts 98 are embedded therein. With the back- 
ing bar 39 made of the round metal pipe placed in the 
mounting grooves 3c in the ribs 3b, the backing bar 39 
is fixed by securing the clamps 97 with fastening parts 
99 such as bolts. 

[0189] In one varied form of the thirteenth embodi- 
ment, the clamps 97 may be fixed to the bumper face 3 
by using tapping screws 100 as shown in FIG. 58. 
[0190] In the appended claims, the expression 
"backing bar" corresponds to the backing bar 39, 39a 
made of a round metal pipe or round resin bar referred 
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to in the foregoing embodiments. Similarly, "structural 
member of the vehicle body" corresponds to the front 
cross member 10, and "impact-receiving member" cor- 
responds to the hollow impact-receiving member 38 
made of iron plates. It is to be noted, however, that the 
present invention is not limited to the structures of the 
foregoing embodiments. 

[0191] For example, the front cross member 10 
serving as a structural member (reinforcing member) of 
the vehicle body may be replaced by a specific part of a 
rectangular frame. 

[0192] Furthermore, although the impact-receiving 
members 3B of the structure of FIG. 52 are made of 
metal plates, they may be replaced such members as 
mechanical damping devices or structural resin mem- 
bers. 

[0193] Also, the bumper face 3 and the resin back- 
ing bar 39a may be one-piece molded using an injection 
blow molding machine. 

[0194] Furthermore, although the backing bar 39 is 
made of a round metal pipe in the structure of FIG. 52, 
it may be replaced by a pipe having a varying diameter 
or by a combination of pipes having a stepped cross 
section. Another alternative construction is to integrally 
attach the backing bar 39 made of a round metal pipe to 
a lower part of the rear surface of the bumper face 3 by 
adhesive bonding. 

[0195] In a first aspect of the invention, a structure 
of a front part of a vehicle body in which a bumper is 
provided at a lower front position of a hood at the front 
of the vehicle comprises a lateral supporting member 
provided in the front part of the vehicle body and 
extending in the direction of vehicle width, an energy- 
absorbing member provided ahead of the lateral sup- 
porting member, and a projecting part provided at a 
lower part of the bumper in such a manner that a for- 
ward end of the projecting part juts out more frontward 
than the lateral supporting member. 
[0196] Since the energy-absorbing member is pro- 
vided ahead of the lateral supporting member and the 
projecting part is provided at the lower part of the 
bumper with the forward end of the projecting part jut- 
ting out more frontward than the lateral supporting 
member in the aforementioned structure, the projecting 
part first sweeps the pedestrian by parts of his or her 
legs lower than the knees in the event of a collision 
between the vehicle and the pedestrian, and after the 
energy-absorbing member has absorbed the impact 
energy exerted on the legs of the pedestrian who is 
thrown overtoward the vehicle, the pedestrian is caused 
to drop onto the top of the hood. Consequently, there is 
produced such an advantageous effect that the pedes- 
trian can be protected from secondary damage. 
[0197] Another advantageous effect is that it is pos- 
sible to provide increased safety of the legs of the 
pedestrian by properly selecting the strength of the pro- 
jecting part, simplify the structure of the front of the vehi- 
cle and prevent the occurrence of malfunction. 



[0198] In one form of the invention, the lateral sup- 
porting member is formed of a bumper reinforcement. 
Since the laterally extending bumper reinforcement is 
used as the lateral supporting member in this structure, 
5 it is made possible to effectively use the already existing 
member. 

[0199] In another form of the invention, the forward 
end of the projecting part is located at a more frontward 
or rearward position than a forward end of the energy- 

w absorbing member. This structure is advantageous in 
that it enables the projecting part to sweep the pedes- 
trian by parts of his or her legs lower than the knees in 
a reliable fashion in the event of a collision between the 
vehicle and the pedestrian. 

15 [0200] In another form of the invention, the energy- 
absorbing member is located ahead of a line connecting 
a forward end of the hood and the forward end of the 
projecting part. This structure is advantageous in that 
the energy-absorbing member absorbs impact energy 

20 exerted on the legs of the pedestrian who is thrown over 
toward the vehicle even more effectively, making it pos- 
sible to protect the legs of the pedestrian from the 
impact energy. 

[0201] In another form of the invention, the rigidity 
25 of the projecting part is set to a value larger than that of 
the energy-absorbing member. This approach is advan- 
tageous in that it enables the projecting part to sweep 
the pedestrian by his or her lower legs in a reliable fash- 
ion. 

30 [0202] In another form of the invention, the project- 
ing part is formed of a resin member. This structure is 
advantageous in that it provides improved moldability of 
the projecting part, ease of its assembly to the vehicle 
body, and gives the projecting part more flexibility to 

35 match the vehicle design. 

[0203] In another form of the invention, the project- 
ing part includes a backing bar extending along a lower 
part of a bumper face and a support member which 
holds the backing bar at the front of the vehicle body. 

40 This is advantageous in that the pedestrian can be 
effectively swept by his or her lower legs with a simple 
construction. 

[0204] In another form of the invention, the energy- 
absorbing member is an energy-absorbing metal mem- 

45 ber, a structural resin member or a mechanical damping 
device. This structure is advantageous in that the 
energy-absorbing member can positively absorb the 
impact energy before the pedestrian comes into contact 
with the hood, reduce the speed of the pedestrian as he 

50 or she is thrown over, and allow the pedestrian to drop 
onto the top of the hood in a more reliable fashion. 
[0205] In another form of the invention, the project- 
ing part is attached to a structural member of the vehicle 
body provided in its front part. This structure is advanta- 

55 geous in that the projecting part can effectively receive 
a frontal impact load in the event of a collision and 
sweep the pedestrian by his or her legs in a reliable 
fashion give the projecting part sufficient strength to 
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bear the impact load. 

[0206] In another form of the invention, the lateral 
supporting member is attached to forward ends of left 
and right front side frame members, the projecting part 
is installed ahead of and below the front side frame 5 
members, and the strength of the projecting part in the 
vehicle's longitudinal direction increases from its left 
and right ends to its middle part. This structure is advan- 
tageous in that it prevents the middle of the projecting 

- part from becoming liable to flex an the distribution of io 
longitudinal load received by the projecting part in the 

. event of a collision can be made approximately uniform. 

• [0207] In another form of the invention, the lateral 
supporting member is attached to forward ends of left 
and right front side frame members, the projecting part is 
is installed ahead of and below the front side frame 
members, and the projecting part has a U-shaped or 
channel-like cross section whose open side is directed 
rearward. As the projecting part having either the U- 
shaped or the channel-like cross section can easily be 20 
deformable upon receipt of the impact energy at the 
time of collision, compared to the projecting part having 
a completely filled in cross section. Thus this structure 
is advantageous in that it can effectively absorb the 
impact energy in the event of a collision. 25 
[0208] In another form of the invention, the project- 
ing part has a corrugated surface having alternating fur- 
rows and ridges formed parallel to the vehicle's 
longitudinal direction. This structure is advantageous in 
that the alternating furrows and ridges prevents a rapid 30 
decline in yield strength of the projecting part due to its 
deformation in the vehicle's longitudinal direction when 
an impact load is exerted on the projecting part in the 
event of a collision between the vehicle and a pedes- 
trian and, as a consequence, the projecting part can 35 
absorb the impact energy at a constant input load as it 
deforms rearward. 

[0209] In another form of the invention, the lateral 
supporting member is formed of an already existing 
bumper reinforcement. This structure is advantageous 40 
in that it can provide an enhanced load-carrying 
strength of the projecting part by effectively using the 
existing member. 

[0210] In a second aspect of the invention, a struc- 
ture of a front part of a vehicle body in which a bumper 45 
is provided at a lower front position of a hood at the front 
of the vehicle comprises a lateral supporting member 
provided behind a bumper face of the bumper and 
extending in the direction of vehicle width, and a lower 
leg supporting part provided at a lower part of the so 
bumper and extending in the direction of the vehicle 
width with a rear portion of the lower leg supporting part 
supported by a structural member of the vehicle body, 
wherein a forward end of the lower leg supporting part 
juts out relatively frontward compared to the lateral sup- 55 
porting member when the bumper face is displaced 
rearward. This structure provides the following advanta- 
geous effects. 



[0211] Specifically, since the bumper face is first 
displaced rearward in the event of a collision between 
the vehicle and a pedestrian, the forward end of the 
lower leg supporting part juts out relatively frontward 
compared to the lateral supporting member and the 
lower leg supporting part whose rear portion is sup- 
ported by the structural member of the vehicle body 
receives a frontal impact load. Thus, the pedestrian is 
swept by parts of his or her legs lower than the knees by 
the lower leg supporting part upon collision so that the 
pedestrian thrown over toward the vehicle is caused to 
drop onto the top of the hood in a reliable fashion. There 
is produced such an advantageous effect that the 
pedestrian can be protected from secondary damage. 
[0212] The above structure is also advantageous in 
that it is possible to provide increased safety of the legs 
of the pedestrian by properly selecting the strength (or 
load characteristics) of the lower leg supporting part, 
simplify the structure of the front of the vehicle and pre- 
vent the occurrence of malfunction. Furthermore, there 
are no limitations in the design of the bumper so that its 
assembly can be simplified. 

[0213] In another form of the invention, the lateral 
supporting member is formed of a bumper reinforce- 
ment. This is advantageous in that it is possible to effec- 
tively use the already existing member. 
[0214] In another form of the invention, the struc- 
ture of the front part of the vehicle body, the structure 
further comprises an energy-absorbing member pro- 
vided ahead of the lateral supporting member, wherein 
the rigidity of the lower leg supporting part is set to a 
value larger than that of the energy-absorbing member. 
This structure is advantageous in that it is made possi- 
ble to sweep the pedestrian by his or her lower legs in a 
reliable fashion and the energy-absorbing member can 
effectively absorb impact energy exerted on the lower 
legs of the pedestrian who is thrown over toward the 
vehicle. 

[0215] In another form of the invention, the lower 
leg supporting part has upper ribs and lower ribs, 
wherein the thickness of the upper ribs is set to a value 
smaller than that of the lower ribs. This structure is 
advantageous in that it allows deflection of the lower leg 
supporting part and provides an increased approach 
angle when a load is exerted from the road surface. It is 
to be noted that if the thicknesses of both the upper ribs 
and the lower ribs are large, deflection of the lower leg 
supporting part would be hindered. 
[0216] In still another form of the invention, the 
lower leg supporting part has upper ribs and lower ribs, 
wherein the spacing of the upper ribs is made larger 
than that of the lower ribs. This structure is advanta- 
geous in that it allows deflection of the lower leg sup- 
porting part and provides an increased approach angle 
when a load is exerted from the road surface. It is to be 
noted that if the spacings between both the upper ribs 
and the lower ribs are small, deflection of the lower leg 
supporting part would be hindered. 
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[0217] In a third aspect of the invention, a structure 
of a front part of a vehicle body in which a bumper is 
provided at a lower front position of a hood at the front 
of the vehicle comprises a bumper reinforcement pro- 
vided behind a bumper face of the bumper and extend- 
ing in the direction of vehicle width, a backing bar 
extending in the direction of the vehicle width at a lower 
part of the bumper face and integrally attached to the 
bumper face, and an impact-receiving member provided 
behind the backing bar and projecting frontward from a 
structural member of the vehicle body, the impact- 
receiving member having a smaller yield strength than 
the bumper reinforcement, wherein a specified gap is 
provided between a rear surface of the backing bar and 
a forward end of the impact- receiving member, and 
wherein the backing bar comes into contact with the 
impact-receiving member ahead of a front surface of the 
bumper reinforcement when the bumper face is dis- 
placed rearward. 

[0218] In the event of a collision between the vehi- 
cle and a pedestrian, the backing bar integrally attached 
to the lower part of the bumper face is displaced rear- 
ward as much as the aforementioned gap and comes 
into contact with the impact-receiving member ahead of 
the bumper reinforcement, whereby an impact load is 
received by the impact-receiving member. This struc- 
ture is advantageous in that the pedestrian is swept by 
parts of his or her legs lower than the knees by the 
backing bar and caused to drop onto the top of the hood 
upon collision between the vehicle and the pedestrian, 
thereby protecting the pedestrian from secondary dam- 
age. Furthermore, since the backing bar is integrally fit- 
ted to the bumper face, this structure provides extra 
ease of assembly. Also, the structure is simple and the 
occurrence of malfunction is prevented as it is not nec- 
essary to provide sensors and an air bag unlike the con- 
ventional structure. 

[0219] In yet another form of the invention, the 
backing bar is embedded in the bumper face made of 
resin. This structure is advantageous in that the backing 
bar working as a functional component can be reliably 
retained in the lower part of the bumper face and the 
structure helps to enhance productivity and ease of 
assembly. 

[0220] This application is based on Japanese appli- 
cations serial Nos. 11-181556; 11-181557; 11-223877; 
and 1 1 -274278, the contents of which are hereby incor- 
porated by reference. 

[0221] Although the present invention has been 
fully described by way of example with reference to the 
accompanying drawings, it is to be understood that var- 
ious changes and modifications will be apparent to 
those skilled in the art. Therefore, unless otherwise 
such changes and modifications depart from the scope 
of the present invention hereinafter defined, they should 
be construed as being included therein. 
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Claims 



A structure of a front part of a vehicle body in which 
a bumper is provided at a lower front position of a 
hood at the front of the vehicle, said structure com- 
prising: 

a lateral supporting member provided in the 

front part of the vehicle body and extending in 

the direction of vehicle width; 

an energy-absorbing member provided ahead 

of the lateral supporting member; and 

a projecting part provided at a lower part of the 

bumper in such a manner that a forward end of 

the projecting part protrudes more frontward 

than the lateral supporting member. 

The structure of the front part of the vehicle body 
according to claim 1, characterized in that the lat- 
eral supporting member is formed of a bumper rein- 
forcement. 

The structure of the front part of the vehicle body 
according to claim 1, characterized in that the for- 
ward end of the projecting part is located at a more 
frontward position than a forward end of the energy- 
absorbing member. 

The structure of the front part of the vehicle body 
according to claim 1, characterized in that the 
energy-absorbing member is located ahead of a 
line connecting a forward end of the hood and the 
forward end of the projecting part. 

The structure of the front part of the vehicle body 
according to claim 1 , characterized in that the rigid- 
ity of the projecting part is set to a value larger than 
that of the energy-absorbing member. 

The structure of the front part of the vehicle body 
according to claim 1 , characterized in that the pro- 
jecting part is formed of a resin member. 

The structure of the front part of the vehicle body 
according to claim 1 , characterized in that the pro- 
jecting part includes a backing bar extending along 
a lower part of a bumper face and a support mem- 
ber which holds the backing bar at the front of the 
vehicle body. 

The structure of the front part of the vehicle body 
according to claim 1, characterized in that the 
energy-absorbing member is a structural resin 
member or a mechanical damping device. 

The structure of the front part of the vehicle body 
according to claim 1 , characterized in that the pro- 
jecting part is attached to a structural member of 
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35 

the vehicle body provided in its front part. 

10. The structure of the front part of the vehicle body 
according to claim 1 , characterized in that the lat- 
eral supporting member is attached to forward ends 5 
of left and right front side frame members, the pro- 
jecting part is installed ahead of and below the front 
side frame members, and the strength of the pro- 
jecting part in the vehicle's longitudinal direction 
increases from its left and right ends to its middle io 
part 

11. The structure of the front part of the vehicle body 
according to claim 1 , characterized in that the lat- 
eral supporting member is attached to forward ends 15 
of left and right front side frame members, the pro- 
jecting part is installed ahead of and below the front 
side frame members, and the projecting part has a 
U-shaped or channel-like cross section whose 
open side is directed rearward. 20 

12. The structure of the front part of the vehicle body 
according to claim 10 or 11, characterized in that 
the projecting part has a corrugated surface having 
alternating furrows and ridges formed parallel to the 25 
vehicle's longitudinal direction. 

13. The structure of the front part of the vehicle body 
according to claim 1 1 , characterized in that the lat- 
eral supporting member is formed of a bumper rein- 30 
forcement 

14. The structure of the front part of the vehicle body 
according to claim 1 , characterized in that said lat- 
eral supporting member is provided behind a 35 
bumper face of the bumper; 



15. The structure of the front part of the vehicle body 
according to claim 14, characterized in that the lat- 
eral supporting member is formed of a bumper rein- 
forcement. 50 

16. The structure of the front part of the vehicle body 
according to claim 14, characterized in that the 
rigidity of the lower leg supporting part is set to a 
value larger than that of the energy-absorbing 55 
member. 

17. The structure of the front part of the vehicle body 



according to claim 14, characterized in that the 
lower leg supporting part has upper ribs and lower 
ribs, and characterized in that the thickness of the 
upper ribs is set to a value smaller than that of the 
lower ribs. 

18. The structure of the front part of the vehicle body 
according to claim 14, characterized in that the 
lower leg supporting part has upper ribs and lower 
ribs, and wherein the spacing of the upper ribs is 
made larger than that of the lower ribs. 

1 9. A structure of a front part of a vehicle body in which 
a bumper is provided at a lower front position of a 
hood at the front of the vehicle, said structure com- 
prising: 

a bumper reinforcement provided behind a 
bumper face of the bumper and extending in 
the direction of vehicle width; 
a backing bar extending in the direction of the 
vehicle width at a lower part of the bumper face 
and integrally attached to the bumper face; and 
an impact-receiving member provided behind 
the backing bar and projecting frontward from a 
structural member of the vehicle body, the 
impact-receiving member having a smaller 
yield strength than the bumper reinforcement; 
wherein a specified gap is provided between a 
rear surface of the backing bar and a forward 
end of the impact- receiving member; and 
wherein the backing bar comes into contact 
with the impact-receiving member ahead of a 
front surface of the bumper reinforcement 
when the bumper face is displaced rearward. 

20. The structure of the front part of the vehicle body 
according to claim 19, characterized in that the 
backing bar is molded in the bumper face made of 
resin. 



25 



in that said projecting part includes a lower leg 
supporting part having a rear portion of the 
lower leg supporting part supported by a struc- 40 
tural member of the vehicle body; and 
in that a forward end of the lower supporting 
part protrudes relatively frontward compared to 
the lateral supporting member when the 
bumper face is displaced rearward. 45 
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